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(54) PRODUCTION OF SEMICONDUCTOR DIAMOND 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the production cost and to shorten the required time 
for treatments by irradiating a diamond heated to a temp, within a specified range with 
dopant-element particles in an irradiation rate within a specified range. 
SOLUTION: In this production, a diamond heated to 300 to 1,500°C is irradiated with dopant- 
element particles in a 1 *107 to 1 *1015 particles/cm2.sec irradiation rate to produce the 
objective semiconductor diamond. As the target diamond, any of single crystal and 
polycrystalline diamonds can be used. As the dopant element, a group III element such as B, 
Al, Ga, In or Tl is used when the dopant element is used as an acceptor, or a group V element 
such as N, P, As, Sb or Bi is used when the dopant element is used as a donor. Also, the 
irradiation energy used is preferably 1 KeV to 10 MeV. By heating the diamond to a temp, 
within thus specified range at the time of irradiating a diamond, defects due to the dopant 
element injection are subjected to recrystallization by thermal motion to avoid any amorphous- 
state formation or any graphitization and to restore their structures to the original diamond 
structure. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the semi-conductor diamond characterized by an exposure rate 
irradiating a dopant element particle below by lxl015-piece [/cm ] 2sec. more than lxl07-piece [/cm ] 
2sec. at the diamond heated by the temperature of 1500 degrees C or less more highly than 300 degrees 
C. 

[Claim 2] The manufacture approach of the semi-conductor diamond according to claim 1 characterized 
by being one III group element of B, aluminum, Ga, In, and Tl when said dopant element particle uses 
as an acceptor. 

[Claim 3] The manufacture approach of the semi-conductor diamond according to claim 1 characterized 
by being one V group element of N, P, As, Sb, and Bi when said dopant element particle uses as a 
donor. 

[Claim 4] The manufacture approach of a semi-conductor diamond according to claim 1 to 3 that 
exposure energy when irradiating said dopant element particle is characterized by 1 or more keVs being 
10 or lessMeV. 

[Claim 5] The manufacture approach of the semi-conductor diamond according to claim 1 to 4 which 
carries out the description for producing a pn junction component by changing the exposure energy of 
said EI group element, and the exposure energy of said V group element when [ which irradiates an III 
group element and V group element as said dopant element particle at sequential or coincidence ] 
pouring in. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a semi-conductor diamond 
of performing dopant element impregnation of diamond MONDOHE for obtaining the semi-conductor 
diamond of n mold and p mold, and a pn junction diamond component, about the manufacture approach 
of the semi-conductor diamond expected as an environment-resistant component. 
[0002] 

[Description of the Prior Art] Although p type composition diamond which doped the natural semi- 
conductor diamond and the boron containing boron of p mold as a semi-conductor diamond is reported 
conventionally, there is no clear report of the semi-conductor diamond of n mold. Moreover, control of 
the conduction type of the diamond by the ion implantation is not attained, either. This originates in it 
being difficult to return the diamond structure destroyed by ion irradiation by heat treatment. That is, a 
carbonaceous **** condition is graphite structure, and since diamond structure is a metastable state, in 
the usual heat treatment, phase transition of it is carried out to a graphite. 

[0003] Then, the approach (JP,5-29244,A) of performing an ion implantation, and making damage by 
ion as small as possible, it carrying out an ion-implantation postheat treatment from channeling bearing 
of a diamond single crystal, and recovering diamond structure, the approach (JP,5-24991,A) which 
diamond structure is made to recover by irradiating a laser beam and heat-treating it only in the damage 
part produced by the ion implantation are reported. 
[0004] 

[Problem(s) to be Solved by the Invention] However, it is necessary to build the collimated ion beam 

with the approach of pouring in from channeling bearing and also, and must ask for channeling bearing 

of a diamond correctly by it. Furthermore, the polycrystal semi-conductor diamond which cannot 

determine CHANNEN ring bearing has the trouble that it cannot manufacture. 

[0005] Moreover, by the approach only a damage part irradiates and heat-treats a laser beam, since the 

exposure area of the usual laser beam is 1cm or less 2 extent, when the area of a diamond becomes large, 

it is necessary to carry out the raster of the laser beam, and it has the trouble of taking the time amount 

of heat treatment after an ion implantation in proportion to the area of a diamond. 

[0006] Therefore, the purpose of this invention is shortening the processing time required reducing the 

manufacturing cost of a semi-conductor diamond more, and forming a semi-conductor diamond. 

[0007] Moreover, manufacture also of which of a single crystal diamond and a polycrystal diamond is 

enabled as a target diamond. 

[0008] 

[Means for Solving the Problem] The manufacture approach of the semi-conductor diamond of this 
invention is characterized by an exposure rate irradiating a dopant element particle below by 1x1015- 
piece [/cm ] 2sec. more than lxl07-piece [/cm ] 2sec. at the diamond heated by the temperature of 1500 
degrees C or less more highly than 300 degrees C. 

[0009] Moreover, said dopant element particle is characterized by being at least one or more III group 
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elements among the groups which consist of smells B, aluminum, Ga, In, and Tl, when using as an 
acceptor, or being at least one or more V group elements among the groups which consist of N, P, As, 
Sb, and Bi in using as a donor. 

[0010] Moreover, it is desirable that the exposure energy when irradiating said dopant element particle is 
10 or less MeV more than per keV. 

[001 1] Furthermore, the manufacture approach of the semi-conductor diamond used as a pn junction 
component is characterized by changing the exposure energy of said III element, and the exposure 
energy of said V group element, when [ at which an III group element and V group element are 
irradiated as said dopant element particle at sequential or coincidence ] pouring in. 
[0012] Hereafter, a principle is described. Conventionally, by the approach of performing particle 
impregnation of a cation, an anion, a neutral particle, etc. as a dopant element, water cooling of the 
diamond which is usually a target is carried out, and although it is common to perform particle 
impregnation in a room temperature, the crystal structure of a target becomes amorphous to be destroyed 
in this case. However, if a dopant element particle is irradiated at the diamond in the condition of having 
heated The defect made by dopant element particle impregnation carries out thermal movement which 
became independent separately. With the particle exposure induction crystal growth to which it is 
connected with the dopant atom which was poured in and stood it still in the diamond lattice, or the 
carbon atom made to calculate from the grid location of diamond structure, and induction of the 
rearrangement is carried out The dopant atom or the carbon atom is incorporated in the grid of diamond 
structure during the dopant element particle impregnation from after. Diamond structure can be 
recovered in this invention, without becoming an amorphous state or graphite structure, in order to 
recrystallize immediately the local damage completed by dopant element particle radiation. 
[0013] In this case, the temperature of a target diamond was higher than 300 degrees C, and carrying out 
crystal recovery efficiently at the time of 1500 degrees C or less was checked. At temperature lower than 
this range, since the defect made by dopant element particle impregnation is frozen and it becomes 
impossible to move, amorphous-ization advances without rearrangement-ization not taking place but 
crystal recovery taking place. Moreover, at temperature higher than this range, phase transition is carried 
out to graphite structure from diamond structure. 

[0014] About the exposure rate of a dopant element particle, carrying out crystal recovery efficiently at 
the time of below lxl015-piece [/cm ] 2sec. was checked more than lxl07-piece [/cm ] 2sec. Pouring 
the dopant of a complement into functioning as a semi-conductor diamond at a low exposure rate takes 
time amount too much, and it is not more practical than this range. Moreover, at an exposure rate higher 
than this range, the defect made by dopant element particle impregnation becomes high density, defects 
join together mutually, there are, a stable big defect is formed, and it does not contribute to a 
rearrangement, but amorphous-ization advances. 

[0015] By the approach of JP,5-29244,A and JP,5-24991,A, since a defect was frozen so that a stable 
big defect may not form, when temperature was kept at 300 degrees C or less, it was, but when the 
exposure rate of a dopant element particle was below 1x101 5-piece [/cm ] 2sec. also at temperature 
higher than 300 degrees C, the defect carried out thermal movement which became independent 
separately, and the stable big defect was not formed. Therefore, the approach of JP,5-29244,A and JP,5- 
24991,A is presumed to be what carried out ion irradiation at the exposure rate higher than lxl015-piece 
[/cm ] 2sec. 

[0016] About the exposure energy of a dopant element particle, carrying out crystal recovery efficiently 
at the 1 or more keVs of the times of 10 or less MeV was checked. With low exposure energy, a 
SUBATTA ring happens preferentially, the amount of dopants driven in in a diamond decreases 
remarkably, and it is not more practical than this range. Moreover, with exposure energy higher than this 
range, the damage given to a crystal is serious and crystal recovery effectiveness falls remarkably. 
[0017] Although elements other than the above may be used as long as it is except carbon as a dopant 
element particle, the element shown below is desirable. The dopant element with which the dopant 
element particle was incorporated in the diamond lattice in the case of in group elements, such as B, 
aluminum, Ga, In, and Tl, functions as an acceptor, and serves as a p type semiconductor diamond. The 
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dopant element with which the dopant element particle was incorporated in the diamond lattice in the 
case of V group elements, such as N, P, As, Sb, and Bi, functions as a donor, and serves as a n-type- 
semiconductor diamond. 
[0018] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail using a concrete 
example. 

[Example 1] The 1st example of this invention is explained using drawing 1 . The single crystal 
undoping diamond 3 is set to the target holder 2 which attached the heater 1 for target heating, and the 
temperature of the single crystal undoping diamond 3 is held at 500 degrees C. The boron forward ion 
beam 4 of exposure energy lOOkeV was irradiated by exposure rate 1x1010 ions/cm2sec. as a dopant 
element particle at this. At this time, the degree of vacuum in a target chamber was below lxl0-5Torr. 
The boron dose was made into 1x1015 ions/cm2. 

[0019] The result of the Raman spectrometry of the target after an ion implantation is shown in drawing 
2 . Only a diamond crystal peak is accepted and amorphous carbon and a graphite peak are not accepted 
so that drawing 2 may see. Therefore, the damage on the diamond crystal structure by the ion 
implantation of the invention in this application was not accepted, but it was checked that boron had 
gone into the grid location of diamond structure. Moreover, the diamond after an ion implantation 
became the electrical property of p mold. 

[0020] Moreover, the same result was obtained also when boron anion impregnation and boron neutral 
particle impregnation were performed. Moreover, as other HI group dopant elements, also when 
aluminum, Ga, In, and Tl were used, the same result was obtained. 

[0021] [Example 2] The 2nd example of this invention is explained using drawing 3 . The poly crystal 
undoping diamond 5 is set to the target holder 2 which attached the heater 1 for target heating, and the 
temperature of the polycrystal undoping diamond 5 is held at 500 degrees C. The boron forward ion 
beam 4 of exposure energy lOOkeV was irradiated by exposure rate 1x101 1 ions/cm2sec. as a dopant 
element particle at this. At this time, the degree of vacuum in a target chamber was 1x10 to 5 or less 
Torrs. The boron dose was made into 1x1015 ions/cm2. 

[0022] The result of the Raman spectrometry of the target after an ion implantation is shown in drawing 
2 . Only a diamond crystal peak is accepted and the peak of amorphous carbon and a graphite is not 
accepted so that drawing 2 may see. Therefore, the damage on the diamond crystal structure by the ion 
implantation of the invention in this application was not accepted, but it was checked that boron had 
gone into the grid location of diamond structure. Moreover, the diamond after an ion implantation 
became the electrical property of p mold. 

[0023] Moreover, the same result was obtained also when boron anion impregnation and boron neutral 
particle impregnation were performed. Moreover, the result same about other HI group dopant elements 
as an example 1 was obtained. 

[0024] [Example 3] The 3rd example of this invention is explained using drawing 4 . The single crystal 
undoping diamond 3 is set to the target holder 2 which attached the heater 1 for target heating, and the 
temperature of the single crystal undoping diamond 3 is held at 1000 degrees C. The Lynn negative ion 
beam 6 of exposure energy 150keV was irradiated by exposure rate 1x1012 ions/cm2sec. as a dopant 
element particle at this. At this time, the degree of vacuum in a target chamber was below lxl0-5Torr. 
The Lynn dose was made into 1x1015 ions/cm2. 

[0025] The result of the Raman spectrometry after an ion implantation is shown in drawing 2 R> 2. Only 
a diamond crystal peak is accepted and the peak of amorphous carbon and a graphite is not accepted so 
that drawing 2 may see. Therefore, the damage on the diamond crystal structure by this ion implantation 
was not accepted, but it was checked that Lynn had gone into the grid location of diamond structure. The 
diamond after an ion implantation became the electrical property of n mold. 

[0026] Moreover, the same result was obtained also when the Lynn cation impregnation and the Lynn 
neutral particle impregnation were performed. Moreover, the result same about other V group dopant 
elements, for example, N, As, Sb, and Bi, was obtained. 

[0027] [Example 4] The 4th example of this invention is explained using drawing 5 . The polycrystal 
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undoping diamond 5 is set to the target holder 2 which attached the heater 1 for target heating, and the 
temperature of the polycrystal undoping diamond 5 is held at 1000 degrees C. The Lynn negative ion 
beam 6 of exposure energy 150keV was irradiated by exposure rate 1x1013 ions/cm2sec. as a dopant 
element particle at this. At this time, the degree of vacuum in a target chamber was below lxl0-5Torr. 
The Lynn dose was made into 1x1015 ions/cm2. 

[0028] The result of the Raman spectrometry after an ion implantation is shown in drawing 2 R> 2. Only 
a diamond crystal peak is accepted and the peak of amorphous carbon and a graphite is not accepted so 
that drawing 2 may see. Therefore, the damage on the diamond crystal structure by the ion implantation 
of the invention in this application was not accepted, but it was checked that Lynn had gone into the grid 
location of diamond structure. Moreover, the diamond after an ion implantation became the electrical 
property of n mold. 

[0029] Moreover, the same result was obtained also when the Lynn cation impregnation and the Lynn 
neutral particle impregnation were performed. Moreover, the result with the same said of other V group 
dopant elements was obtained. 

[0030] [Example 5] The 5th example of this invention is explained using drawing 6 . The single crystal 
boron dope p mold diamond 7 is set to the target holder 2 which attached the heater 1 for target heating, 
and the temperature of the single crystal boron dope diamond 7 is held at 1200 degrees C. The Lynn 
forward ion beam 8 of exposure energy 150keV was irradiated by exposure rate 1x1013 ions/cm2sec. as 
a dopant element particle at this. At this time, the degree of vacuum in a target chamber was below 
lxl0-5Torr. The Lynn dose was made into 1x1015 ions/cm2. 

[003 1] The result of the Raman spectrometry after an ion implantation is shown in drawing 2 R> 2. Only 
a diamond crystal peak is accepted and the peak of amorphous carbon and a graphite is not accepted so 
that drawing 2 may see. Therefore, the damage on the diamond crystal structure by the ion implantation 
of the invention in this application was not accepted, but it was checked that Lynn had gone into the grid 
location of diamond structure. 

[0032] The field where Lynn was doped became the electrical property of n mold after the ion 
implantation, and has produced the pn junction component. Moreover, the same result was obtained also 
when the Lynn anion impregnation and the Lynn neutral particle impregnation were performed. 
Moreover, the pn junction component was producible similarly about other V group dopant elements. 
Moreover, the pn junction component was producible similarly about the case where a polycrystal 
diamond is irradiated. 

[0033] [Example 6] The 6th example of this invention is explained using drawing 7 . The single crystal 
undoping diamond 3 is set to the target holder 2 which attached the heater 1 for target heating, and the 
temperature of the single crystal undoping diamond 3 is held at 1300 degrees C. The boron negative ion 
beam 9 of exposure energy 30keV was irradiated by exposure rate 1x1013 ions/cm2sec. as an acceptor 
at this. At this time, the degree of vacuum in a target chamber was below lxl0-5Torr. The boron dose 
was made into 1x1015 ions/cm2. 

[0034] Then, the Lynn forward ion beam 10 of exposure energy 150keV was irradiated by exposure rate 
1x1013 ions/cm2sec. as a donor. The Lynn dose was made into 1x1015 ions/cm2. 
[0035] The result of the Raman spectrometry after an ion implantation is shown in drawing 2 R> 2. Only 
the peak of a diamond is accepted and the peak of amorphous carbon and a graphite is not accepted so 
that drawing 2 may see. Therefore, the damage on the crystal structure by this ion implantation of the 
invention in this application was not accepted, but it was checked that boron and Lynn had gone into the 
grid location of diamond structure. 

[0036] The field where, as for the field where boron was doped after the ion implantation, p mold and 
Lynn were doped became the electrical property of n mold, and has produced the pn junction 
component. In the case of this example, the pn junction component is formed by making n mold form to 
the deep direction of a semi-conductor diamond by setting the Lynn cation to exposure energy 150KeV, 
and making only the depth shallow as exposure energy 30KeV form boron into p mold. Although 
irradiated in order of the HI group dopant element and V group dopant element, even if it irradiated 
simultaneous or reverse order in the case of this example, when exposure energy was changed, the pn 
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junction component has been formed. 

[0037] Moreover, the same result was obtained also when boron and Lynn were poured in by forward, 
the anion, and the neutral particle, respectively. The pn junction component was producible similarly 
about the combination of other III group dopant elements and V group dopant element. Moreover, the 
pn junction component was producible similarly about the case where a polycrystal diamond is 
irradiated. 
[0038] 

[Effect of the Invention] In the invention in this application, since processes, such as using the laser 
beam made into the raster for heat-treating, and a facility are not needed, the manufacturing cost of a 
semi-conductor diamond can be reduced. Moreover, either a single crystal diamond or a polycrystal 
diamond can be manufactured as a target diamond. Furthermore, the processing time required to pour in 
a dopant element particle and form a semi-conductor diamond is not based on the area of a diamond, but 
can be formed in a short time. 

[0039] Therefore, since the semiconductor device which used n mold of a diamond and p mold by the 
semi-conductor diamond manufacture approach of this invention becomes possible and the 
semiconductor device of a resistance to environment is obtained, industrial worth of this invention is 
high. 



[Translation done.] 
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z<7)®£?-y>y h<vte&tim<mzmm 

b%&. L*>t, MftLfcTOcO^-VtyHCKw? 
ybTC^e^SrfiglttSt. Y-JtyYjm&TmMZ 

so ioTT't fcsoiB**. fls-^tc^i Udsmtemz l. 
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A«t»fc v-rtyvw^hhwismmttyi^yv 

**. 10 

[0013] z<?>%£, t-y-vhr-i^yvcom. 

m0 0'CX*)h^<. 1 5 0 0°CWTOi:^^-j:< 

fc. £ OKH J: 0 b«v4Utrtt. ^ -V*y Hflt 3t*> 

[0014] K-A*y bTC^^^StU- hfcOWt 
tt, 1X1 O'i/cm'sec. JJLh> Ixi0 16 ffl3/ 20 

cm'sec. &.rcotmmx<^ B mmi-ict¥ 

fay A ^y^t LXffifct **>tCtB»«r*9 Fw<y 

COO 1 5] 89FP5-2 9 2 4 4#&«. *fiW5- 
24 9 9 1 %'mam?\t . $36*** SrKMbWB* 30 
U«rVU d^PBSraatfiJtfefcaBE* 3 0 0-COTlc 
Rot*S*s, 3 0 O'CJ:'? bCviaue-CiHwtyh 
jcSm^fflltU-h^l X 1 O l5 i/cm« sec. 

«J&Sr**=S:«Bli»)«$<i**»->fc. UrtfoT, * 
BPP5-29 24 4-*4!ML 108^5-24 9 9 1^ 
?8w:fri£<i. lxlO'Wcm'sec. J: ») 

[0016] n-Ay bTtmw.^m.m^u^-iz^ 

^Tli, lkeVjJUbl0MeVJilTOi:#J!)$j:<S 40 

<*o, HEfflwr*^. ztz. zmmz*)i>m^m 

x*^df-?tt, ISflfc^i S^-5*W*S <*Sft0 

[0017] K-Ay NTcSfW t Lt»^H-M 

ymtfftt U\ H-A'yhTC^K^'B, A 1 , G 

a. I n, Tl&iTcOI I I Sstc^cT)^. ^-f-frtV 50 



mm^l 1-100 2 96 

4 

LTSStbL, pS¥3Mfr/-r-*'*yKfc&&. K-A-y 
hjaSfiWN, P, As, Sb, B i&if«DV8!7C» 

yj^tyvwFWzM'o&ttitzF-^yh 

[00 18] 

imnfmrnm jut, mmmmm^xm 

h 2 tw B 7 y H-rr-^ -v^y H 3 t-t -y h 

U mfSH B BTyh'-7"^-V ; E:yK3<7)ja^5r5 0 0' , C 
KftfttS. «IiUC, V-^yhjm&TbLxm®* 
*/l^>f- lOOke VcO^^IE^ ^-y t*-A4 £ Kftf 
Iz-MxlO'^ons/cm'sec. TSBSfL 
fc. *. ^-y-y hf-vw«rt«*aEKttl x 1 
0" 5 Torr. OTT'&ofc. *?*F-X»il'x 1 
0 16 i o n s/cm ! i Lfc. 

[0019] -f ^y&A&^-y-y hoJiyfflM 

*ymikv—?cr)z.tfm>t>ti. ftHMRmtiiivm 

■*\ * i 7S* < ^-\' ; EyH^<7)i& j Hai:tA^^it 
tflmztitz. 4fc, •i^yaEA^<o^ J r : eyH(ip 

[00 2 0] jfcfc. ^^m-f^yaAfcJ;^*^* 

(01 I lMF-MVh7«tLT. Wilf, Al, G 

a, in, t \ mwzm&zmmm%mK. 

[0021] Uttt0*2 ) *^tfO»2^MW^03 

itfc^-y >yh*y^2t, ^*s^TyF-rr>f^ 
yK55r-fe-yht. %m&7yY-7y-i*r*yv5(?> 
&&*5ooxxz$m~rh. ztuz, v-^yh7tmn 

Tt IXmiXfrV*- 1 0 0 k e V£0*^^I-f *y 
f— A4$:^ltU— h 1 X 1 0" i o n s/cm 2 s e 
c. TSaStLfc. dcoi:*, hf-^yA'^coS 
3CU1 x 1 0' 5 To r r]JlTCft-»fc. 
fi«l XI 0 ls ion s/cmifcLit. 
[0022] >f *y&A&tf>:?-y'y h<05vyjbt8!l 
je<0fe**H2t5rr. H2KJlftft4J:^ti. ^-f-V 

zym&v-rvz-tfmiibbii. ffikMBmaxvak 
mw—7iime>ti&\ $tix. *mm<^*y 
Wsjca ?4 **y mm&<r>mh\m*>t>tvf, 
ttmwyj y HUKsofs^fiffljcAofci t a 1 *! 
mztitz. ta, ■i*y&xik<7)yj j r*ymp$iv> 

[002 3] ^^ft^jfyttAfe.kif*^^* 
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[0024] C&ffcH 3 ) *||BH<om 3 omi^ei4 

zm^xim-tz. 9-*t htmmt-? i srROfj- 

yK3£-fc-yhU #tSiF B Ty h'-7T4-**& yh* 3<7) 
S££ 1 0 0 OTJfcftJ*** . liiC, h'-^y hx* 
W?b LXWft*.*)V*(- 1 5 0 k e VCO >J y%A *V 
t'-A 6 £83f*U- M X 1 0 12 i on s/cm 2 s e 

c. TJSBtUi. CWfc*. 9-Y't\>+*vntwm. 

5«{ilX10" 8 Torr. EITtA^t. 'Jyh'-X 
gtil X 1 0 15 i o n s/cm'!: Lfc. 
[0025] 4 *yWJktr>7-?>ffltm<?)tii&m 
2tc*rT. 02C:jt,£>ii6J:ofc:. ^■vtyHISftt 

[0 0 2 6] £tz. UyjE'fsi-yftAfe.ktPJy+ttB 

mv-^yhim. mm. n, as. sb, bu^ 

[0027] c«M4 d *mm4 mmmm 5 
*hv>-crw*s. 9-y-v hwnmt-9 i s-ixott 
ft*: * •/ h 2 t . w B r> h - rr-f 
yKSJ-bv hL» £3&p b t y H-r^W -v* y h' 5 « 

ilK* 1 0 0 0t;t«JW-& . ififc. H-^VhTt* 
Sfffc UT!KHfx*/wf- 1 5 o k e ij yft-Y y 

t*— A 6 £888*1.'— M X 1 0 13 i on s/cm 2 s e 
c. -omit:. 7-y-yhf-ryAftWJE 
$SlilxlO- 6 Torr. WFX'fo->tz. 'JyK-X 
*il XI 0 15 i o n s/cm 2 i Lit. 

[0028] A irv&XWiy vy#3ftH£<9*g&£@ 
[00 2 9] u>'E>f*yawJsJ:Vyy«f»tte 

[00303 imtm5)*mi<?)m5<?>mm®6 
&m»zvmtb. 9-y-v htmmi-9 1 zmn 

lrt:?-y-y h*;^2tcm^ B %*^SH-r P S^ 
i**yF7S:-fe y HU *Bfi*«>*F-r^-vty 
F7*5fiflB&12 00 , Cfi:«fW4. d^lt, F-rtX 
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h7t$W t LTS»x*;^- 1 5 0 k e Vcoy yE 
A^yt— A8*8S*fl'— F 1 X 1 0 13 i o ns/cm 
2 sec. TlSStU:. .T<9fc£, ^-y-yh-^yA 
ft<DK££tt 1 X 1 0-STo r r . J3lTC*->fc. U f 
F-Xfitelxl0 15 i ons/cra 2 tU. 

[ o o 3 1 m *y&x&<?>jvywtmiz.<rtemm 

2fc5r$\ H2fc.Ri5>*i*J:$fc:. y>f ^yFfeflt 

-90>*imt>t>ii, it$>mmi5*ifm&<rx:-9\i 
m>t>tv&\\ itz&ix.*nmiO'<*yw>iz£ 
io i»/^-\' ; eyHte B ifS5t<oa«Jif^^-fs yy* 5 ^ 

[0032] 'J y#F-r3*lfc«W8i4 *>a=A«fc 
fc, yyM^yaAfcitfyy+litmtAfrffofc 

*£t>RttOttA*ftfc. ifc* «W>V«F-ycyhj£ 
*K-?^ttWI*fcpn«^|fT*«ft«-CSfc. 

[0033] CUtlM 6 3 *W9to»6 *>£ffiM* 07 

H35:-fe-yhL. *earyb'-r^"\*ty K3coa 
«t 1 3 0ox;(c{s^-rs. dnt. r^wti 

T» !«Hx**^-3 0 k e V<7)*"7*»-r ^yh'-A 
9$:.ratp— h 1 X 1 0 13 i o n s/cm 2 sec. T 

1 x 1 0" 5 To r r . filTCft->fc.-*^*H-XJB4 
lxiO'M ons/cm'iU. 
[0034] -e^. Hi — fc L^, ggstX^df- 1 
30 5 0ke v«yyjE-f jj-yt'-Ai o*H8«w-Mx 

10 13 ions/cm 2 sec. fSSStU^. f y K— 
Xftti lxiO'Mon s/cm 2 t Lt. 
[0035]^ *y&XW)J ~?y-Stfem<7M%Z® 

[0036]-^ jryaAS»**^*^"H-rs^^ 
40 «ps, »ytfv-T2iitifmitnm<?>m%mtt% 
0, pn«^»?*«f3IT*«:. *SifgWi0^, 'jy 

IE-f:*y£H8atX*/M?-l 5 0KeVtLT. 

x^;U=T- 3 0 K e V fc LT^^^O^Sr pfiftS* 
fiiktior. pn«f^»=F*»*LTV^. *W| 
I I I]0lH-y<yh7c#, Vg&F-/*yj-7C 

t. mx*>U*?-t:n%t>itX^tli2pn1tfe%?tf 

50 [ 0 0 3 7 ] *»7#a^'J v^iiai, m^f 
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tz. f«i i imv-^yhTi&bvmY-rtyhjm 
fc. #tS*^**VFfc^Lfc*aK:ovvt 
[0038] 

9-?*/YyA s ?*.y*iL 10 

S. 

[ 0 0 3 9 ] *?MI!o¥*Htf'-f y HSJt 

[BaoiMttft*] 20 
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[01 1 5dfcm«***£>f *Vi^WW2-CfcS. 
[03] WtM2«*^«jE-f3ryaEX«»H-Cfc*. 

[04 ] mmm3(r>>j y%4*vmjmmx'hh. 

[0 5 ] « 'J >JH *y&AffflS0T'J>& . 

[06] gffcffl 5 'J XJE-f *>&A$WS0T-&& . 
IH7] j||W60*'5rJWM*>\ 'J Vl-f *^&A 

[»#^^] 

2 ^-y-yb*;^ 

3 Jmsftr^K-r^'f^yH 

6 y-yft^tfye-A 

7 *Bft*'7*H-7 , r-f^yK 

8 ^>S.M^V\l-K 

9 ^StJMsJ-yf-A 

10 'J>E^3j-yt'-A 
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? ? 9 9 9* 
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